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Abstract 
This paper presents the major outcome of the IEA Hydrogen Implementing Agreement (IEA-HIA) 
Task 23 “Small-scale reforming for on-site hydrogen supply”. The task is briefly described, including the 
three sub-tasks: harmonized industrialization, sustainability and renewables and market information.  
An exclusive network of worldwide suppliers of reformers as well as gas companies has contributed to 
the discussion, evaluation and harmonization of on-site production technologies and optimal use of 
feedstock. The ambition has been to contribute to harmonization of capacities and improved system 
performance to facilitate both reduced system and production costs.  
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1. Introduction 
On-site hydrogen production is believed to be an important stepping-stone technology in the transition 
to a hydrogen-based infrastructure. Even though the most cost-effective way of producing and 
transporting hydrogen is via large scale steam methane reforming and pipeline transport, the 
infrastructure investment required is prohibiting. Therefore the use of local, near-use production of 
hydrogen, from fossil or renewable resources is of interest. There appears to be two dominating technical 
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solutions for doing this as of today, electrolysis or reforming of hydrocarbons. [1, 2]. The electrolysis use 
electrical energy to split water into hydrogen and oxygen, while reforming use water as an oxidant for a 
hydrocarbon; as illustrated in (1) for methane.  
CH4 + H2OÆ CO + 3 H2  (1) 
The CO formed in the reaction will be further reacted with steam at lower temperatures to yield more 
hydrogen (2). 
CO + H2OÆ CO2 + H2  (2) 
In the following, the major findings of Task 23 of the Hydrogen Implementation Agreement of the 
International Energy Agency (IEA-HIA) will be reported [6]. The task has focused on the second part of 
the possible on-site hydrogen generation technology, namely reforming of hydrocarbons. The task has 
gathered experts from three categories, technology providers, gas companies and researchers. The 
overarching goal of the task has been to reach consensus around certain technical aspects and thus 
harmonise the industrialisation of the technology; this with the purpose of supporting the suppliers and 
end-users in future technology development and cost reduction. The task has been divided into three sub-
tasks and illustrated in Figure 1 is the iterative relation between the three. 
                                 
Figure 1. The relation between the sub-tasks and key performance parameters. 
As previously mentioned, the main objective of Task 23 was to provide a basis for harmonization of 
technology for on-site hydrogen production from hydrocarbons both fossil and renewable. However, to 
reach this target, four sub objectives were formulated as follows: 
x Develop a basis for harmonized capacities for the on-site hydrogen reformer unit 
x Identify and examine issues related to the promotion of widespread use of on-site hydrogen reformer 
units 
x Develop a global market guide for the use of on-site hydrogen reformers 
x Describe the technology link to renewable sources 
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2. Background 
In the harmonised industrialisation sub-task, wide variability in capacities, footprint, feedstock and 
technology readiness level have been identified as obstacles hindering or slowing down the 
commercialisation process. This can be illustrated by classifying available technology with respect to 
production output or capacity. Figure 2 shows the available commercial small scale reformers as of 2009. 
The categories were first defined by NREL [4], and have been further applied in Task 23. 
                          
Figure 2. Variability in production volume for commercially available reformer systems in 2009. 
The other parameters listed above show similar spread in data which clearly motivates working 
towards an industry harmonization. Aside from identifying and suggesting corrections to the market 
disharmonies, the sub-task has also identified areas where future research and development work is 
essential.  
The work performed in the first sub-task has mainly been performed through expert meetings, with 
input from existing suppliers and end-users. The second sub-task is focused on sustainability and 
renewables and as opposed to the first sub-task this sub-task has mainly reviewed, compiled and 
interpreted existing literature for its conclusions. Based on the literature collected and compiled, using 
various fuels and fuel paths has been compared and recommendations have been made.  
The third sub-task has gathered market information within two areas, both with respect to development 
of the transport hydrogen market from the territories of the experts and cost data of existing suppliers 
systems. The development of the markets has been closely followed over the duration of the project, with 
particular focus on California, Germany and Japan. The cost data of existing suppliers have been gathered 
and listed and, based on the information, generalized cost correlations have been made available. 
3. Results
3.1. Industrial harmonization 
Harmonization of the technology is essential to reduce costs. This means standardization of unit 
components and safety system, standardization of footprint and capacities. The requirement for hundreds 
of thousands of stations in 2020 and 2030 to supply the large amount of vehicles prospected [5] increases 
the need for harmonization. A number of the stations foreseen will be based on on-site production. A 
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large number of units can only be supplied if there is a consensus on harmonization of the technology. 
The development of the current petrol stations is an example of this. In the sub-task on industrial 
harmonization the major outcome was a consensus on the production sizes. It was decided that 100 
Nm3/h, 300 Nm3/h and 500 Nm3/h would be the recommended sizes to gather around for future on-site 
hydrogen supply. There were also a number of areas identified where future work should be focused. The 
first such area was the need for cheaper and better materials for the reformer in general and the reformer 
hot parts in particular. Another strategic area is the use of sulphur tolerant catalysts, an area which was 
summarised within the scope of the task [3]. The area of sensors e.g. for CO and sulphur was also 
identified along with advanced hydrogen clean-up methods such as more compact pressure swing 
adsorbers. Process control was also identified as a strategic area of research for lowering process losses, 
improving energy consumption as well as optimising start-up and load-changing, leading to more robust 
operation. Development of safety system is another area where costs are closely related to requirements 
set through national codes and regulations. Standardization is one way of addressing this as shown in 
[7][8] by use of for instance ISO standards as IEC 61508 for the development of the safety instrumented 
system. 
3.2. Sustainability and renewables 
The first major conclusion from studying the emissions from a reformer system is that all other species 
than CO2 are negligible for a reformer system since the only source is the combustion of pressure swing 
absorber off-gas, providing process heat. With modern combustion technology, emissions such as NOx,
CO and others can be kept at levels which corresponding to those from traditional boilers.  
The CO2 emissions from small-scale reforming are associated with emissions dependent on feedstock, 
losses in the reforming process (dependent on fuel/feedstock and efficiency) and emissions associated 
with production of the electricity needed for pumps, fans, compressors and all other auxiliary equipment. 
Figure 3 shows the breakdown of the emissions associated with reforming. The figure indicates that some 
gains can be achieved through a smart choice of feedstock as well as use of renewable energy for the 
electricity production. This is also indicated in Figures 4 and 5. The figures also show that further effort 
to improved reformer efficiency is essential. This relates to overall system performance from an 
owner/operator perspective, but also to the emissions of the system.  
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Figure 3. Breakdown of CO2 emissions associated with reforming of natural gas. 
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Figure 4. CO2 footprint estimations based on various feedstock and vehicle technology options on WTW 
basis.
Figure 5. CO2 footprint for various reformer efficiency numbers.  
Another option to reduce emission for on-site reforming is capture and sequestration of CO2. However, 
this is a very costly operation due to the both technical issues in the capture as well as collecting and 
transporting the captured CO2 to a point of storage. For on-site reformer units in the range of 100-500 
Nm3/h there is no business case for CCS unless there is a demand for the CO2 in the nearby area and 
transport costs are low. 
In small-scale reforming processes, there are two potential sources of CO2 to capture, PSA off-gas and 
from the flue gases from the combustion of the fuel gas. Because of the low content and high volumetric 
flows it is more difficult and more expensive to capture CO2 from the flue gas, as most post-combustion 
processes benefit from high CO2 content. Capturing the CO2 in the PSA off-gas is from the technical 
point easier and the volumetric flows that are needed to be process are lower than in the flue gas case. 
There is a general consensus in the group that focus should be on post-capture of CO2 in the PSA off-gas. 
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Temporary on-site storage and transportation of CO2 is not addressed as this can be solved with existing 
technologies and is not related to hydrogen production or reforming.  
For a small scale reformers aimed at producing H2 for refueling stations, the hydrocarbon fuel is 
usually converted into syngas using steam reforming. In contrast to large scale CCS applications, which 
aim at CCS in power plants, small scale reformers have the goal to produce H2 and not electricity. 
Therefore, only part of the CCS technology portfolio is suitable for H2 production. In principle, all pre 
combustion technologies combine the production of pure H2 with CO2 separation. One significant 
difference between H2 and electricity production is that for electricity production the H2 does not need to 
be very pure while the CO2 product needs to be pure for transport and storage. 
In most cases CO2 transport is preferred as supercritical medium using pipelines (typically 110 bar, 
ambient temperature). The general tendency is that the supercritical CO2 must be relatively pure (4 % 
maximum non-condensable gasses, H2O<500ppm, H2S<200ppm) to prevent problems associated with 
increased compression work, 2-phase flow, hydrate formation, corrosion and free water formation. For 
smaller scale, however, transport in the liquid phase may be an alternative. Then the CO2 product can be 
transported batch wise by ships or trucks, delivering their CO2 liquid to a storage site or to a larger point-
source of CO2 (CCS equipped power plant). During liquefaction of CO2, purification of CO2 is quite 
easily done by cryogenic distillation. After liquefaction, CO2 can be pumped to supercritical pressures, or 
kept at a liquid state for liquid transport. 
3.3. Market information 
In this sub-task, several areas where cost improvements will have to be made to reach future cost 
targets have been identified. The reformer unit in itself is one of these, much improvement in this area 
will come with economies of number but there is still work to be done here. Other areas where 
improvement can be made are the compression and storage of the hydrogen as well as the cost of 
dispensing and cooling. In harmonising codes and standards, it is also believed that the construction cost 
of refuelling stations based on reforming may be significantly decreased.  
One part of this task was to list reformer cost for units from various suppliers of this type of equipment 
as well as compiling the information. For this purpose, a few input parameters were specified and they 
may be viewed in table 1. 
Table 1. Conditions for cost estimates of reforming units. 
Parameters  
Natural gas pressure 3 bar 
Hydrogen delivery pressure 10 bar 
Hydrogen purity 99.97 % 
CO < 1 ppm 
Sulphur in feed < 10 ppm 
Water supply Tap water 
After specifying this, the suppliers were asked for the hydrogen production capacity, natural gas 
consumption per hydrogen production, parasitic electricity and process water consumption, efficiency as 
well as investment and operational cost. The result with respect to investment cost is depicted in Figure 6. 
The reformer costs are found to be proportional to 0.65 of the production capacity. 
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Figure 6. Reformer investment cost as a function of production capacity.  
The colored spots are target costs for some countries. The gap between real costs and the target is large 
and there is thus a need to reduce this gap.  
4. Discussions and conclusions 
Exclusive networks of worldwide suppliers of reformers as well as gas companies have contributed to 
the discussion, evaluation and harmonization of on-site production technologies and optimal use of 
feedstock. The ambition was to contribute to reduced production costs, improved system performance and 
mass production of on-site reformer units.  
On-site hydrogen supply is an important stepping-stone towards the development of a hydrogen 
infrastructure and a more environmental friendly transport sector. This is seen in the development of 
hydrogen infrastructures in Europe, US and in Japan where all the demonstration projects have included 
service stations with on-site production units. Current infrastructure development is mainly part of 
demonstration projects, and experiences show that hydrogen from on-site production is more competitive 
compared to many other alternatives [insert reference information]. Task 23 has contributed development 
of a basis for safe and harmonized technology and a global market guide for on-site reforming.  
There is a need to continue this work and ensure a more unbiased verification of on-site production 
technologies (reforming and electrolysis). Such work can only be performed under an impartial global 
organisation as IEA-HIA. A continued strong industrial engagement in the work performed under the 
IEA-HIA is essential to ensure that industrial (real) data are supplied to future analysis, and to ensure 
global industry support in development of the hydrogen society.  
There is a strong motivation among the industrial partners of Task 23 to bring forward a new task on 
small scale production of hydrogen. The network will enable interaction across technology and market 
segments to support harmonisation of on-site supply technology. The new task will be an industry driven 
task and empowering the IEA-HIA with industrial support, data and market expertise. 
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